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5 The present invention relates to a novel excipient 

for use iB the manufacture of pharmaceuticals, and in 
particular, soUa dosage forms such as tablets which 
include one or more active ingredients. 

In order to prepare a solid dosage form containing 
10 one or isore active ingredients (such as drugs), it is 

necessary that the material to be compressed into the 
dosage fori« possess certain physical characteristics 
which lend theinselves to processing in such a manner. 
Among other things, the material to he compressed roust be 
15 free- flowing, must be lubricated, and, importantly, roust 

possess sufficient cohesiveness to insure that the solid 
dosage form remains intact after compression. 

In the case of tablets, the tablet is formed by 
pressure being applied to the material to be tablet ted on 
20 a tablet press. A tablet press includes a lower punch 

which fits into a die from the bottom and a upper punch 
having a corresponding shape and dimension which enters 
the die cavity from the top after the tabletting material 
fills the die cavity. The tablet is formed by pressure 
25 applied on the lower and upper punches. The ability of 

the material to flow freely into the die is important in 
order to insure that there is a uniform filling of the 
die and a continuous movement of the material from the 
source of the material, e.g. a feeder hopper. The 
30 lubricity of the material is crucial in the preparation 

of the solid dosage forms since the compressed material 
must be readily ejected from the punch faces. 

Since most drugs have none or only some of these 
properties, methods of tablet formulation have been de- 
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ve loped in order to impart these desirable character- 
istics to the material (s) which is to be compressed into 
a solid dosage form. Typically, the material to be 
compressed into a solid dosage form includes one or more 
5 excipients which impart the free-flowing, lubrication, 

and cohesive properties to the drug(s) which is being 
formulated into a dosage forB. 

Lubricants are typically added to avoid the mater- 
ial (s) being tabletted from sticking to the punches. 
10 Comifionly used lubricants include magnesium stearate and 

calcium stearate. Such lubricants are commonly included 
in the final tabletted product in amounts of less than 1% 
by weight. 

In addition to lubricants, solid dosage forms often 

15 contain diluents. Diluents are frequently added in order 

to increase the bulk weight of the material to be 
tabletted in order to make the tablet a practical size 
for compression. This is often necessary where the dose 
of the drug is relatively small. 

20 Another commonly used class of excipients in solid 

dosage forms are binders. Binders are agents which 
impart cohesive qualities to the powdered material{s). 
Commonly used binders include starch, and sugars such as 
sucrose, glucose, dextrose, and lactose, 

25 Dis integrants are often included in order to ensure 

that the ultimately prepared compressed solid dosage form 
has an acceptable disintegration rate in an environment 
of use (such as the gastrointestinal tract) . Typical 
disintegrants include starch derivatives and salts of 

30 carboxymcthylcellulose. 

There are three general methods of preparation of 
the materials to be included in the solid dosage form 
prior to compression: (1) dry granuiation; (2) direct 
compression? and (3) wet granulation. 
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Dry granulation procedures may be utilized where one 
of the constituents, either the drug or the diluent, has 
sufficient cohesive properties to be tabletted. The 
method includes mixing the Ingredients, slugging the 
5 ingredients, dry screening, lubricating and finally 

compressing the ingredients. 

In direct compression, the powdered material (s) to 
be included in the solid dosage form is coropressed 
directly without jsodifying the physical nature of the 

10 material itself. 

The wet granulation procedure includes mixing the 
powders to foe incorporated into the dosage form in, e.g., 
a twin shell blender or double-cone blender and 
thereafter adding solutions of a binding agent to the 

15 mixed powders to obtain a granulation. Thereafter, the 

damp mass is screened, e.g., in a 6- or 8-»esh screen and 
then dried, e.g., via tray drying, the use of a fluid-bed 
dryer, spray-dryer, radio-frequency dryer, microwave, 
vacuum, or infra-red dryer. 

20 The use of direct compression is limited to those 

situations where the drug or active ingredient has a 
requisite crystalline structure and physical character- 
istics required for forirtation of a pharKiaceutically ac- 
ceptable tablet. On the other hand, it is well known in 

25 the art to include one or roore excipients which make the 

direct compression method applicable to drugs or active 
ingredients which do not possess the requisite physical 
properties. For solid dosage forms wherein the drug 
itself is to be aaisinistered in a relatively high dose 

30 (e.g., the drug itself comprises a substantial portion of 

the total tablet weight), it is necessary that the 
drugCs) itself have sufficient physical characteristics 
(e.g., cohesiveness) for the ingredients to be directly 
compressed. 
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Typically, however, excipients are added to the 
formulation which impart good flow and conipression 
characteristics to the Hiaterial as a whole which is to be 
compressed. Such properties are typically imparted to 
5 these excipients via a pre-processing step such as wet 

granulation, slugging, spray drying, spheronissation , or 
crystallisation. Useful direct compression excipients 
include processed foriRs of ■ cellulose, sugars, and 
dicalciuEn phosphate dihydrate, among others. 

10 A processed cellulose, niicrocrystaliine cellulose, 

has been utilized extensively in the pharmaceutical 
industry as a direct coitipression vehicle for solid dosage 
forms, Microcrystalline cellulose is commercially avail- 
able under the tradename EMCOCEL** from Edward Mendeil 

15 CO. , Inc. and as Avicel® from FI4C Corp. Compared to 

other directly compressible excipients, microcrystalline 
cellulose is generally considered to exhibit superior 
compressibility and disintegration properties. 

Another limitation of direct compression as a method 

20 of tablet manufacture is the size of the tablet. If the 

amount of active ingredient is high, a pharmaceutical 
formulator may choose to wet granulate the active with 
other excipients to attain an acceptably sized tablet 
with the desired compact strength. Usually the as?ount of 

25 filler/binder or excipients needed in wet granulation is 

less than that required for direct compression since the 
process of wet granulation contributes to some extent 
toward the desired physical properties of a tablet. 
Thus, despite the advantages of direct compression {such 

3 0 as reduced processing times and costs) , wet granulation 

is widely used in the industry in the preparation of 
solid dosage forms . Many of tiiose skilled in the art 
prefer wet granulation as compared to direct compression 
because this method has a greater probability of over- 
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coming any problems associated with the physical charac- 
teristics of the various ingredients in the formulation, 
thereby providing a material which has the requisite flow 
and cohesive characteristics necessary to obtain an 
acceptable solid dosage form. 

The popularity of the wet granulation process as 
compared to the direct compression process is based on at 
least three advantages. First, wet granulation provides 
the material to be compressed with better wetting proper- 
ties, particularly in the case of hydrophobic drug sub- 
stances. The addition of a hydrophilic ©Kcipient makes 
the surface of a hydrophobic drug roore hydrophilic, 
easing disintegration and dissolution. Second, the 
content uniformity of the solid dosage forms is generally 
3:5 iTOproved. Via the wet granulation method, all of the 

granules thereby obtained should contain approximately 
the same amount of drug. Thus, segregation of the 
different ingredients of the material to be compressed 
(due to different physical characteristics such as 
20 density) is avoided. Segregation is a potential probleiR 

with the direct compression iBethod. Finally, the 
particle size and shape of the particles comprising the 
granulate to be compressed are optimized via the wet 
granulation process. This is due to the fact that when 
25 a dry solid is wet granulated, the binder "glues" par- 

ticles together, so that they agglOKserate in the granules 
which are more or less spherical. 

Due to the popularity of microcrystalline cellulose, 
pharmaceutical formulators have deemed it desirable to 
3 0 include this excipient in a formulation which is wet 

granulated prior to tabletting. Unfortunately, 
currently-available microcrystaliine cellulose does not 
hold to the typical principle that the amount of 
filler/binder needed in wet granulation is less than that 
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i.n direct compression. It is known that the exposure of 
the iiiicrocrystalline cellulose to moisture in the wet 
granulation process severely reduces the compressibility 
of this excipiant. The loss of compressibility of micro- 
5 crystalline cellulose is particularly problematic where 

the formulation dictates that the final product will toe 
relatively large in the environiaent of use. For example, 
if a pharmaceutical fonaulator desires to prepare a solid 
oral dosage form of a high dose drug, and the use of the 

10 wet granulation technique is deessed necessary, the loss 

of cofflpressxbility of the microcrystalline cellulose 
dictates that a larger amount of this material may be 
needed to obtain an acceptably coKjpressed final product. 
The additional amount of microcrystalline cellulose 

15 needed adds cost to the preparation, but more importantly 

adds bulk, making the product more difficult to swallow. 

The loss of compi-essibility of microcrystalline 
cellulose when exposed to wet granulation has long been 
considered a problem in the art for which there has been 

20 no satisfactory solution. 

Attempts have been made to provide an excipient 
having high compressibility, a small bulk (high apparent 
density} , and good flowability, while being capable of 
providing satisfactory disintegiration of the solid dosage 

25 form, which is applicable to wet granulation as well as 

to dry granulation and direct coisipression methods for 
preparation of solid dosage forms. 

For example, U.S. Patent No. 4,159,34 5 (Takeo, et 
al.) describes an excipient which consists essentially of 

30 a microcrystalline cellulose having an average degree of 

polymerisation of 60 to 375 and obtained through acid 
hydrolysis or alkaline oxidative degradation of a cellu- 
losic substance selected from 1 inters, pulps and regen- 
erated fibers. The microcrystalline cellulose is said to 
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be a white ceXlulosic powder having an apparent specific 
volume of 1.6-3.1 cc/g, a repose angle of 35' to 42% a 
sieve residue of 2 to 80% by weight and a 
tapping apparent specific volume of at least 1.4 cc/g. 

In U.S. Patent Ho. 4,744,987 (Mehra, et al.), a par- 
ticulate ro-processed microcrystalline cellulose and 
calciuw carbonate composition is described wherein the 
respective components are present in a weight ratio of 
75:25 to 35:65. The co-processed composition is said to 
be prepared by forming a well -dispersed agueous slurry of 
microcrystalline cellulose and calcium carbonate and then 
drying the slurry to yield a particulate product. The 
combination of these two ingredients is said to provide 
a lower cost excipient which has tabletting 
characteristics similar to those of microcrystalline 
cellulose and which would satisfy a need for an 
economical excipient with good performance that is 
desired by the vitamin market. 

European Patent Application EP 0609976A1 {assigned 
to Asahi Kasei Kabushiki Kaisha) describes an excipient 
comprising white powdery microcrystalline cellulose 
having an average degree of polymerization of from 100 to 
375, preferably from 190 to 210, and an acetic acid 
holding capacity of 280% or irsore, preferably from 290 to 
370%. The excipient is said to exhibit high 

compactability and a high rate of disintegration and is 
said to foe obtained toy heat-treating an aqueous 
dispersion of purified cellulose particles, which has a 
solids content of 40% or less by weight, at lOO^C or more, 
followed by drying, or by subjecting an aqueous 
dispersion of purified cellulose particles having a 
solids content of 23% or less by weight to thin film- 
forming treatment and drying the resultant thin film. 
The excipient is said to possess a high compressibility. 
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and a good balance of compactability and rate of 
disintegration. 

There still remains a need in the industry for a 
pharmaceutical excipient which possesses excellent 
5 compressibility whether utilized in a direct compression 

or wet granulation procedure. 

OBJECTS RKD SUMMRRY OF THE IHTEIiytQN 

It is an object of the present invention to provide 
10 an excipient which is useful in a variety of 

applications, and which may be utilized in direct 
compression or \-/et granulation methods. 

It is a further object of the present invention to 
provide an excipient useful in direct compression methods 
15 which has improved compressifoility relative to microcrys- 

talline cellulose- 

It is a further object of the present invention to 
provide an excipient useful in wet granulation methods 
which has improved compressibility relative to microcrys- 
20 talline cellulose. 

It is a further object of the present invention to 
provide a free-flowing excipient which has excellent 
compressibility properties when utilized in direct com- 
pression or wet granulation methods, and which 
25 furthermore possesses pharmaceutical ly acceptable 

disintegration properties. 

It is a further object of the present invention to 
provide an improved microcrystaiiine cellulose excipient 
in which the microcrystaiiine cellulose has not been 
30 chemically altered, and which has improved 

cofflpressibiiity relative to "off-the-shelf" coKimercially 
available microcrystaiiine cellulose. 

It is a further object of the present invention to 
provide a solid dosage form which Includes one or more 
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active ingredients and the iaproved mlcrocrystalline 
cellulose excipient rf the present invention. 

It is a further object of the present invention to 
provide an oral solid dosage form for one or more drugs 
5 which is economical to manufacture, which maintains its 

integrity during storage, and which possesses excellent 
disintegration and dissolution properties when exposed, 
e.g., to gastrointestinal fluid. 

In accordance with the above objects and others 
10 which will be obvious to those skilled in the art, the 

present invention is directed to an excipient comprising 
a particulate agglomerate of coprocessed microcrystalline 
cellulose and from about 0.1% to about 20% silicon 
dioxide, by weight of the microcrystalline cellulose, the 
15 ffiicrocrystalline cellulose and silicon diox'ide being in 

intimate association with each other, and the silicon di- 
oxide portion of the agglomerate being derived from a 
silicon dioxide having a particle size from about 1 
nanoraeter (nm) to about 100 jiiicrons (nm) , based on 
20 average primary particle siae. 

In preferred embodiments, the silicon dioxide 
comprises from about 0.5% to about 10% of the excipient, 
and most preferably from about 1.25% to about 5% by 
weight relative to the microcrystalline cellulose. 
25 In additional preferred embodiments of the 

invention, the silicon dioxide has a particle size from 
about 5 nm to about 40 Mm, and most preferably from about 
5 nm to about 50 pm. 

In preferred embodiments of the present invention, 
the silicon dioxide is further characterized by a 
surface area from about 10 m"g to about 500 m'/n, 
preferably froB! about 50 mVg to about 500 m-/g* and 
more preferably from about 17 5 mVg to about 350 mv'g- 
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The present invention is further directed to an 
aqueous slurry useful in the preparation of a 
compressible excipient useful in dry and wet granulation 
formulation inethods^ coirtprising a mixture of 
5 microcrystalline cellulose and from about 0.1% to about 

20% silicon dioxide, by weight relative to the micro- 
crystalline cellulose, the silicon dioxide having a 
particle size from about 1 nra to about 100 (xm. The 
solids content of the aqueous slurry is from about 0.5% 

10 to about 2 5%, by weight, preferably from about 15% to 

about 20% by weight, and most preferably from about 17% 
to about 19% by weight. 

The present invention is further directed to a 
mixture of an active ingredient (s) and an excipient 

15 comprising a particulate agglomerate of coprocessed 

microcrystalline cellulose and froiTi about 0.1% to about 
20% silicon dioxide, by weight of the raicrocrystalline 
cellulose, the microcrystalline cellulose and silicon 
dioxide being in intimate association with each other, 

20 and the silicon dioxide having a particle size frow about 

1 nm to about 100 pim* The ratio of active ingredient to 
excipient is from about 1:99 to about 99:1, by weight- 

The present invention is further directed to a 
granulate of an active ingredient (s) and the novel 

2 5 excipient described herein, wherein the active 

ingredient (s) and excipient hax'e been subjected to a wet 
granulation procedure. 

The present invention is further directed to a 
compressed solid dosage form comprising an active 

30 ingredient (s) and the novel excipient described herein, 

wherein the active ingredient (s) and excipient have been 
directly compressed into the solid dosage form or have 
been subjected to a wet granulation procedure and 
thereafter coppressed into the solid dosage forffl. The 
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compressed solid dosage form provides a suitable 
immediate release dissolution profile of the active 
ingredientCs) whan exposed to aqueous solutions during 
in~vitro dissolution testing, and provides a release of 
diag in an anvironaent of use which is considered 
bioavailabie. In further embodiments of the invention, 
the dissolution profile of the solid dosage form is 
modified to provide a controlled or sustained release 
dissolution profile. 

The present invention is further directed to a 
method of maintaining and/or enhancing the 
compressibility of microcrystalline cellulose. The 
method includes forming an aqueous slurry containing a 
iBixture of i«icrocry stall ine cellulose and silicon dioxide 
having a particle sise from about 1 nm to about 100 
and drying the slurry to obtain microcrystalline cellu- 
lose-based eKcipiant particles in which the silicon di- 
oxide particles have been integrated with the 
microcrystalline cellulose particles. Within this aspect 
of the invention, the slurry contains from about 0.5% to 
about 25% by weight microcrystailine cellulose, with 
amounts of from about 15% to about 20% being preferred. 
Furthermore, the slurry contains from about 0.25% to 
about 5% by weight silicon dioxide. 

The novel excipient described herein is free- 
flowing, possesses excellent disintegration properties, 
and importantly, in certain embodiments possesses 
improved compressibility relative to normal "off-the- 
shelf" commercially available microcrystalline cellulose 
when directly compressed. The advantages of the novel 
excioient described heroin are especially realised in 
pharmaceutical formulations prepared using wet 
granulation techniques. When utilized in wet granulation 
techniques, the novel excipient surprisingly provides a 
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cofflpressibility which is substantially improved in 
preferred eiRbodiments in comparison to the compress- 
ibility of normal "off-the-shelf" coamercialiy available 
roicrocrystalline cellulose used in wet granulation and is 
5 even cofflparable to "off-the-shelf" microcrystalline 

cellulose used in direct compression techniques. In 
other einbodiments , the novel excipient surprisingly 
provides a compressibility which is substantially 
superior to the compressibility of normal "off-the-shelf" 

10 comraerciaXiy available microcrystalline cellulose used in 

direct compression techniques. 

The term "envirnnmental fluid'* is meant for 
purposes of the invention to encoj^pass, e.g. , an aqueous 
solution f or gastrointestinal fluid. 

15 By "sustained release" it is sieant for purposes of 

the, invention that the therapeutically active medicament 
.is released from the formulation at a controlled rate 
such that therapeutically beneficial blood levels (but 
below toxic levels) of the medicaTnent are maintained over 

20 an extended period of time, e.g., providing a 12 hour or 

a 2 4 hour dosage form. 

By "bioavailable" it is meant for purposes of the 
invention that the therapeutically active medicaitient is 
absorbed froiti the sustained release formulation and 

25 becomes available in the body at the intended site of 

drug action. 

By "primary particle siae" it is meant for purposes 
of the invention that the particles are not agglomerated. 
Agglomeration is common with respect to silicon dioxide 
30 particles, resulting in a comparatively average large 

agglomerated particle size. 
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The following drawings are illustrative of 
eiafoodiments of the invention and are not meant to limit 
the scope of the invention as encoropass^d by the claims. 

Figure l graphically shows a comparison of the 
tensile strength of tablets prepared in accordance with 
the invention and prior art tablets. 

Figure 2 graphically shows a comparison of the 
tensile strength of APAP containing tablets prepared in 
accordance with the invention and prior art APAP 
containing tablets. 

Figure 3 graphically shows a comparison of the 
tensile strength of tablets prepared in accordance with 
the invention to contain MCC coprocessed with 
15 diatomaceoBS earth, tablets containing MCC coprocessed 

with 2% w/w SiO, and prior art tablets prepared to contain 
only uniROdified MCC. 

Figure 4 graphically illustrates a comparison of the 
tensile strength of tablets prepared using MCC 
coprocessed with silica gel, tablets prepared with the 
novel coprocessed MCC and tablets prepared with MCC 
alone. 

Figure 5 graphically illustrates a comparison of the 
tensile strength of tablets prepared using MCC 
coprocessed with HS 5 grade SiO,, tablets prepared using 
coprocessed MCC-SiO, and prior art tablets prepared to 
contain only unmodified MCC. 
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Hicrocrystalline cellulose is a well-known tablet 
diluent and disintegrant. Its chief advantage over other 
excipients is that it can be directly compressed into 
self-binding tablets which disintegrate rapidly when 
placed into water. This widely-used ingredient is 
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prepared by partially depolymeriaing cellulose obtained 
as a pulp from fibrous plant material with dilute jaineral 
acid solutions. Following hydrolysis, the hydrocellulose 
thereby obtained is purified via filtration and the 
5 aqueous slurry is spray dried to form dry, white 

odorless, tasteless crystalline powder of porous 
particles of a broad sise distribution. Another method 
of preparing microcrystalline cellulose is disclosed in 
U,S* Patent No. 3,141,875. This reference discloses 

10 subjecting cellulose to the hydrolytic action of 

hydrochloric acid at boiling temperatures so that 
amorphous celliilosic material can be removed and aggre- 
gates of crystalline cellulose are formed. The 
aggregates are collected by filtration, washed with water 

IS and aqueous ammonia and disintegrated into sjnall 

fragments, often called cellulose crystallites by 
vigorous mechanical means such as a blender. 
Microcrystalline cellulose is commercially available in 
several grades which range in average particle size from 

2 0 20 to 200 microns. 

Microcrystalline cellulose is water-insoluble, but 
the material has the ability to draw fluid into a tablet 
by capillary action. The tablets then swell on contact 
and the microcrystaHine cellulose thus acts as a 

25 disintegrating agent. The material has sufficient self- 

lubricating qualities so as to allow a lower level of 
lubricant as coispared to other skc ipients. 

Typically, microcrystalline cellulose has an 
apparent density of about 0.28 g/cis" and a tap density of 

30 about 0.4 3 g/cm~. HandbooK pf pharniacevjt icdl .Exgi.pijaid;^ , 

pages 53-55. 

When utilized in pharmaceutical applications, micro- 
crystalline cellulose is typically used as a tablet 
binder/diluent in v;et granulation and direct compression 
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formulations in amounts of S-30% of the formulation, or 
more. However, it is known to use more or less 
raicrocrystalllna cellulose in phannaceutical products, 
depending upon the requirements of the formulation. 
5 Silicon dioxide is obtained by insolubilizing dis- 

solved silica in sodium silicate solution. When obtained 
by the addition of sodium silicate to a mineral acid, the 
product is termed silica gel. When obtained by the de- 
stabilisation of a solution of sodium silicate in such a 
10 manner as to yield very fine particles, the product is 

termed precipitated silica. Silicon dioxide is insoluble 
in water. Prior to the present invention, silicon 
dioxide, and in particular colloidal silicon dioxide, was 
used mainly as a glidant and anti-adherent in tabletting 
X5 processes and encapsulation, promoting the flowability of 

the granulation. The amount of silicon dioxide included 
in such tablets for those applications is very limited, 

0.1-0.5% by weight. HaiiiibQQJs GJL — P ha rw a c CTtisal 

^XCipi^e^ts. ^ISSe American Pharmaceutical Association, 
20 page 255. This is due in part to the fact that 

increasing the amount of silicon dioxide in the mixture 
to foe tabletted causes the mixture to flow too well, 
causing a phenomena known to those skilled in the 
tabletting art as "flooding". If the mixture flows too 
well, a varying tablet weight with uneven content 
uniformity can result. 

Those skilled in the art will appreciate that the 
name and/or method of preparation of the silicon dioxide 
utilised in the present invention is not determinative of 
the usefulness of the product. Rather, as previously 
inentioned, it has been surprisingly discovered that it is 
the physical characteristics of the silicon dioxide which 
are critical. In particular, it has been discovered that 
silicon dioxide having a relatively large particle size 
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(and correspondingly small surface area) , such as silica 
gel, is not useful in the preparation of the improved 
micrQcrystalline cellulose products of the invention. 
The appended claims are deemed to encompass all forms of 
5 silicon dioxide having an average primary particle size 

from about l nm to about lOO jjm, and/or a surface area 
from about 10 mVg to about 500 mVg- 

The silicon dioxide utilized in the invention is of 
the very fine particle size variety. In the roost 

10 preferred embodiments of the invention, the silicon 

dioxide utilized is a colloidal silicon dioxide. 
Colloidal silicon dioxide is a submicron furoed silica 
prepared by the vapor-phase hydrolysis (e,g., at 1110" C) 
of a silicon compound, such as silicon tetrachloride. 

15 The product itself is a subnicron, fluffy, light, loose, 

bluish-white, odorless and tasteless amorphous powder 
which is consmercially available from a number of sources, 
including Cabot Corporation (under the tradename Cab-O- 
Sil); Dagussa, Inc. {under the tradename Aerosil) ; E.I, 

20 DuPont & Co.; and W.R. Grace & Co. Colloidal silicon 

dioxide is also known as colloidal silica, fumed silica, 
light anhydrous silicic acid, silicic anhydride, and 
silicon dioxide fumed, among others. A variety of 
commercial grades of colloidal silicon dioxide are 

25 produced by varying the manufacturing process. These 

modifications do not affect the silica content, specific 
gravity, refractive index, color or amorphous form. How- 
ever, these modifications are known to change the 
particle size, surface areas, and bulk densities of the 

3D colloidal silicon dioxide products. 

The surface area of the preferred class of silicon 
dioxides utilised in the invention ranges from about. 50 
m /gm to about 500 ro /gm. The average primary particle 
diameter of the preferred class of silicon dioxides 

!6 
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Utilized in the invention ranges from about 5 nm to about 
50 nm. However, in commercial colloidal silicon aioxide 
products, these particles are agglomerated or aggregated 
to varying extents. The bulk density of the preferred 
class of silicon dioxides utilised in the invention 
ranges from about 20 g/1 to about 100 g/1. 

Cojsmercialls. available colloidal silicon dioxide 
products have, for example, a BET surface area ranging 
from about 50 i 15 i^/m (Aerosil OXSO) to about 400 ± 20 
CCab~0-Sil S-17) or 390 + 40 m'/qn (Cafo-O-Sil EH-5) . 
Coini.ercially available particle sizes range from a 
noTfiinal particle diameter of 7 nm (e.g., Cab-O-Sil S-17 
or Cab-O-Sil EH-5) to an average primary particXe size of 
40 mm (Aerosil 0X50). The density of these products 
range from 72.0 ± 8 g/1 CCab-O-Sil S-17) to 36.8 g/1 
{e.g., cab-o-Sil M-5) . The pH of the these products at 
4% aqueous dispersion ranges from pH 3.5-4.5. These 
coamercially available products are described for 
exemplification purposes of acceptable properties of the 
preferred class of silicon dioxides only, and this 
description is not i«eant to limit the scope of the 
invention in any manner whatsoever. 

men the novel excipient of the invention utilizes 
a colloidal silicon dioxide, it has been found that the 
resultant excipient product surprisingly provides a com- 
pressibility which is substantially improved in preferred 
embodiments even in coitjparison to the compressibility of 
normal "off-the-shelf" coimnercially available 
microcrystalline cellulose used in direct compression 
techniques. 

In other embodisients of the present invention, it 
has been discovered that the compressibility of 
microcrystalline cellulose which is wet granulated is 
significantly improved by a wider range of silicon 
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dioxide products. Thus, in esmbodiraents of the present 
im-ention where an ijttprovement in overall compressibility 
of the Biicrocrystalline cellulose {whether utili2;ed in 
wet granulation or dry granulation) is not important, and 
5 the microcrystalline cellulose product is to be subjected 

to wet granulation, it has been discovered that the 
surface area of the silicon dioxide can be as low as 
about 50 iR'/gw and the average primary particle diameter 
can foe as large as about 100 fixa. Such silicon dioxide 

10 prodacts are also deemed to be encoinpassed within the 

scope of the invention. 

Both ffiicrocrystalline cellulose and silicon dioxide 
are substantially v/ater insoluble. Therefore, the 
particle size of these ingredients as present in the 

15 well-dispersed aqueous slurry is directly related to the 

particle size of tJiase two ingredients as they were 
introduced into the aqueous solution. There is no 
appreciable dissolution of either Ingredient in the 
aqueous slurry, 

20 After a uniform miKture of the ingredients is 

obtained in the suspension, the suspension is dried to 
provide a plurality of microcrystalline cellulose-based 
excipient particles having enhanced compressibility. 

In the spray-drying process, the aqueous dispersion 

25 of sTiicrocrystalline cellulose and silicon dioxide is 

brought together with a sufficient volume of hot air to 
produce evaporation and drying of the liquid droplets. 
The highly dispersed slurry of microcrystalline cellulose 
and silicon dioxide is pumpable and capable of being 

30 atomized. It is sprayed into a current of warm filtered 

air, which supplies the heat for evaporation and conveys 
a dried product to a collecting device. The air is then 
exhausted with the removed moisture. The resultant 
spray-dried pov/der particles are approximately spherical 
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in shape and are relatively uniform in sise, thereby 
possessing excellent flowability. The coprocessed 
product consists of microcrystalline cellulose and 
silicon dioxide in intimate association with each other. 
5 Magnifications of the resultant particles indicate that 

the silicon ai oxide is integrated with, or partially 
coats, the surfaces of the laicrocrystalline cellulose 
particles. When the amount of silicon dioxide including 
in the excipient is greater than about 20% by weight 

10 relative to the reicrocrystalline cellulose, the silicon 

dioxide appears to substantially coat the surfaces of the 
microcrystalline cellulose particles. The exact 

relationship of the two ingredients of the excipients 
after coprocessing is not presently understood; however, 

X5 for purposes of description the coprocessed particles are 

described herein as including an agglomerate of 
microcrystalline cellulose and silicon dioxide in 
intimate association with each other. By "intimate 
association", it is meant that the silicon dioxide has in 

20 some manner been integrated with the microcrystalline 

cellulose particles, e.g., via a partial coating of the 
microcrystalline particles, as opposed to a cheisical 
interaction of the two ingredients. The term "intimate 
association" is therefore deemed for purposes of the 

25 present description as being synonyroous with "integrated*' 

or "united". The coprocessed particles are not 
necessarily uniform or homogeneous. Rather, under magni- 
fication, e.g., scanning electron microscope at 500x, the 
silicon dioxide at the preferred percent inclusion 

30 appears to be an "edge-coating". 

It is most preferred in the present invention that 
the microcrystalline cellulose and silicon dioxide are 
coprocessed, resulting in an intiBate association of 
these ingredients, rather than being combined, e.g., as 
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a dry mixture . In preferred embodijiients of the present 
invention, the aqueous slurry of the microcrystalline 
cellulose and silicon dioKide are introduced into the 
spray dryer as a single aqueous B>rtdi«m. However, it is 
possible to separately introduce each ingredient into 
separate aqueous Hjedium which are then co»bined. Other 
procedures for combining the microcrystalline cellulose 
and silicon dioifide known to those skilled in the art are 
deemed to be equivalent to the spray-drying technique 
described above, and are further deemed to be encompassed 
by the appended claims, 

in certain preferred eirtbodinents of the present in- 
vention, the coprocessing of the luicrocrystaii ine 
cellulose and silicon dioxide is accomplished by forming 
a well-dispersed aqueous slurry of microcrystalline 
cellulose and silicon dioxide, and thereafter drying the 
slurry and forming a plurality of microcrystalline 
cellulose-based excipient particles. Typically, 
microcrystalline cellulose is first added to an aqueous 
solution so that a slurry or suspension containing from 
about 0.5% to about 25% microcrystalline cellulose in the 
form of solids is obtained. Preferably, the slurry or 
suspension contains fr. m about 15% to 20% microcrys- 
talline cellulose and most preferably froa about 17% to 
about 19% laicrocrystalline cellulose. At this stage, it 
is often desirable to adjust the pH of the slurry to 
about neutral with ammoniuiii hydroxide, sodium hydroxide, 
and mixtures thereof or the like. The suspension is kept 
under constant agitation for a sufficient tijne to assure 
a uniform distribution of the solids prior to being 
combined with the silicon diojcide. 

At this point, the silicon dioxide is added to the 
suspension or slurry in asiounts ranging from 0.1% to 
about 20% by weight, based on the amount of 
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inicrocrystalline cellulose, amounts from about 0.5% to 
about 10% are preferred while amounts of from about 1.25% 
to about 5% by weight are especially preferred. The 
silicon dioxide is preferably in colloidal form prior to 
5 addition to the MCC slurry. The microcrystalline 

cellulose and colloidal silicon dioxide are well- 
dispersed in the slurry or suspension prior drying and 
forming the novel particles. 

It is preferred that the suspension be dried using 

10 spray-drying techniques, as they are known in the art. 

Other drying techniques, however, such as flash drying, 
ring drying, micron drying, tray drying, vactiuro drying, 
radio-frequency drying, and possibly microwave drying, 
can also be used. The exact manner in which the 

15 suspension is dried is not believed to be critical for 

the microcrystaliine cellulose/silicon dioxide particles 
to demonstrate enhanced compressibility after wet 
granulating. 

Depending upoh the amount and type of drying, the 
20 concenx:ration of the microcrystaliine cellulose and 

silicon dioxide in the suspension, the novel compressible 
particles will have different particle siaes, densities, 
pH, moisture content, etc. 

The particulate coprocessed product of the present 
25 invention possesses desirable performance attributes that 

are not present when the combination of microcrystaliine 
cellulose and silicon dioxide are combined as a dry mix- 
ture. It is believed that the beneficial result obtained 
by the combination of these two materials is due to the 
30 fact that the two materials are Intimately associated 

with each other. 

The average particle size of the integrated 
excipient of the present invention ranges from about 10 
microns to about 1000 microns. Particle sizes of about 
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10-500 microns are preferred, particle sizes of about 30- 
2 50 microns are itiore preferred and particle sizes of 
about 40-200 microns are most preferred. It will be 
appreciated by those of ordinary skill in the art that 
the drying of the microcrystalline cellulose-silicon 
dioxide suspension results in a random size distribution 
of the novel excipient particles being produced. For 
example if spray drying techniques are used, droplet 
si^e, temperatures, agitation, dispersion, air flow, 
atomizer wheel speed, etc. will effect final particle 
size- Furthermore, it is within the scope of the 
invention to sort or mecnanlcaliy alter the drier: 
particles according to ranges of particle sizes depending 
upon end uses. The particle size of the integrated 
excipient is not narrowly critical, the important 
parameter being that the average size of the particle 
must permit the formation of a directly compressible 
excipient which formB pharjimceutically acceptable 
tablets . 

The novel excipient has a bulk (loose) density 
ranging from about 0.2 g/ml to about 0.6 g/ml , and most 
preferably from about 0.35 g/ml to about 0.55 g/ml. The 
novel excipient has a tapped density ranging from about 
0.2 g/ml to about 0.6 g/ml, and most preferably from 
about 0.3 5 g/ml to about 0.55 g/ml. The pH of the 
particles is most preferably about neutral, although 
granulates having a pH of from about 3.0 to about 8.5 are 
possible- The moisture content of the excipient 
particles will broadly range from about 0.5% to about 
15%, preferably from about 2.5% to about 6%, and most 
preferably from about 3.0% to about 5% by weight. 

The angle of repose is a measurement used to 
determine the flow characteristics of a powder. The 
angle of repose is subject to experiment and 
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experimenter, but in a comparative test, the novel 
excipient is superior. 

The novel excipient of the invention is free- flowing 
and directly compressible* Accordingly, the excipient may 
be Bixed in the desired proportion with an active agent 
and optional lubricant (dry granulation) , and then 
directly compressed into solid dosage forms. In 
preferred embodiments of the present invention wherein 
the silicon dioxide is colloidal silicon dioxide, the 
novel excipient comprising the coprocessed microcrys- 
talline cellulose and colloidal silicon dioxide 
integrated together represents an augaented 
roicrocrystalline cellulose having improved 

compressibility as compared to standard commercially 
available grad :s of microcrystalline cellulose. 

Alternatively, all or part of the excipient may be 
subjected to a wet granulation with the active 
Ingredient. A representative wet granulation includes 
loading the novel excipient particles into a suitable 
granulator, such as those available from Baker-Perkins, 
and granulating the particles? together with the active 
ingredient, preferably using an agueous granulating 
liquid. The granulating liquid is added to the mixture 
with stirring until the powdery mass has the consistency 
of damp snow and then wet screened through a desired mesh 
screen, for example, having a mesh from about 12 to about 
16. The screened granulate is than dried, using standard 
drying apparatus such as a convection oven before 
undergoing a final screening. Additional dry screening 
of this material is possible, such as by using screens of 
from about 40 to about 200 mesh. Those materials flowing 
through 40 and 60 mesh screens may be further ground 
prior to ultimate tablet formulation. The thus obtained 
wet granulate containing novel excipient is now capable 
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Of undergoing tabletting or otherwise placed into a unit 
dosage form. 

In certain preferred erafoodiments, a portion of the 
total aiBount of the novel excipxent is wet granulated 
5 with the active ingredient, and thereafter the additional 

portion of the novel excipient is added to the granulate. 
In yet other embodiments, the additional portion of the 
novel excipient to be added to the excipient/active 
ingredient granulate may be substituted with conventional 

10 microcrystalline cellulose, or other excipients commonly 

used by those skilled in the art, depending of course 
upon the requirements of the particular formulation. 

By virtue of the novel excipient of the present in- 
vention, the amount of the novel excipient compared to 

15 the amount of microcrystalline cellulose which must be 

used in a wet granulation technique to obtain an 
acceptable solid dosage form is substantially reduced. 

In other eittbodiments of the invention, a further 
ijiaterial is added to the slurry of microcrystalline 

2 0 cellulose and silicon dioxide. Such additional materials 

include non-silicon metal oxides, starches, starch 
derivatives, surfactants, polyalkyiene oxides, cellulose 
ethers, celluloses esters and mixtures thereof. These 
additives may be included in desired aiROunts which will 

25 be apparent to those skilled in the art. 

In addition to one or more active ingredients, addi- 
tional phannaceutically acceptable excipients (in the 
case of pharmaceuticals) or other additives known to 
those skilled in the art (for non-phariflaceuticai 

30 applications) can be added to the novel excipient prior 

to preparation of the final product. For example, if 
desired, any generally accepted soluble or insoluble 
inert pharmaceutical filler (diluent) material can be 
included in the final product (e.g., a solid dosage 
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form} . Preferably, the inert pharinaceutical filler 
cofflprises a monosaccharide, a disaccharide , a polyhydric 
alcohol, inorganic phosphates, sulfates or carbonates, 
and/or mixtures thereof. Exaisples of suitable inert 
5 pharmaceutical fillers include sucrose, dextrose. 

lactose, xylitol, fructose, sorbitol, calcium phosphate, 
calcium sulfate, calciuM carbonate, "off-the-shelf" 
Riicrocrystalline cellulose, mixtures thereof, and the 
like, 

10 An effective amount of any generally accepted 

pharroaceuticai lubricant, including the calcium or 
magnesium soaps may optionally be added to the novel 
excipient at the time the medicament is added, or in any 
event prior to compression into a solid dosage form. The 

15 lubricant may coiRprise, for example, maqnesium stearate 

in any amount of about 0.5-3% by weight of the solid 
dosage form. 

The complete mixture, in an amount sufficient to 
make a uniform batch of tablets, may then subjected to 

20 tabletting in a conventional production scale tabletting 

machine at norsial compression pressures for that machine, 
e.g., about 1500-10,000 ibs/sq in. The mixture should 
not be compressed to such a degree that there is 
subsequent difficulty in its hydration when exposed to 

25 gastric fluid. 

The average tablet size for round tablets is prefer- 
ably about 50 mg to 500 mg and for capsule-shaped tablets 
about 200 mg to 2000 mg. However, other formulations 
prepared in accordance with the present invention may be 

30 suitably shaped for other uses or locations, such as 

other body cavities, e.g., periodontal pockets, surgical 
wounds, vaginally. It is contemplated that for certain 
uses, e.g., antacid tablets, vaginal tablets and possibly 
implants, that the tablet will foe larger. 
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In certain eitibodiments of the invention, the tablet 
is coated with a sufficient airsount of a hydrophobic 
polymer to render the formuiation capable of providing a 
release of the medicament such that a 12 or 2 4 hour 
formulation is obtained. The hydrophobic polyiBer which 
included in the tablet coating may be the same or 
different isaterial as compared to the hydrophobic 
polymeric material which is optionally granulated with 
the sustained release excipient. In other embodijaents of 
the present invention, the tablet coating may cofflprise an 
enteric coating material in addition to or instead or the 
hydrophobic polymer coating. Exan^ples of suitable 
enteric polymers include cellulose acetate phthalate, 
hydroxypropylmethylcellulose phthalate, polyvinyiacetate 
phthalate, methacrylic acid copolyiuer, shellac, 
hydroxypropylmethylcellulose succinate, cellulose acetate 
trimellitate,, and mixtures of any of the foregoing. An 
example of a suitable commercially available enteric 
material is available under the trade name Eudragit^*^ L 
100-555. 

In further embodiments, the dosage form may be 
coated with a hydrophilic coating in addition to or 
instead of the above-mentioned coatings. An example of 
a suitable material which may be used for such a 
hydrophilic coating is hydroxypropylmethylcellulose 
(e.g., opadry®, commercially available from Colorcon, 
West Point, Pennsylvania) . 

The coatings may be applied in any pharmaceutical ly 
acceptable manner known to those skilled in the art. For 
example, in one embodiment, the coating is applied via a 
fluid i zed bed or in a coating pan. For example, the 
coated tablets may be dried, e.g., at about 60-70" C for 
about 3-4 houi-s in a coating pan. The solvent for the 
hydrophobic polymer or enteric coating may be organic, 
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agueous, or a mixture of an organic and an aqueous 
soivent. The organic solvents may be, e.g., isopropyl 
alcohol, ethanol, ana the like, with or without water. 
The coatings which may be optionally applied to the 
5 compressed solid dosage forro of the invention laay 

comprise from afoout 0.5% to about 30% by weight of the 
final solid dosage form. 

In additional embodiments of the present invention, 
a support platform is applied to the tablets manufactured 

10 in accordance with the present invention. Suitable 

support platforms are well known to those skilled in the 
art. An example of suitable support platforms is set 
forth, e.g., in U.S. patent No. 4,839,177, hereby 
incorporated by reference. In that patent, the support 

15 platform partially coats the tablet, and consists of a 

polymeric material insoluble in aqueous liquids. The 
support platform may, for sKample, be designed to 
maintain its impermeability characteristics during the 
transfer of the therapeutically active medicament. The 

20 support platform may be applied to the tablets, e.g., via 

compression coating onto part of the tablet surface, by 
spray coating the polymeric materials comprising the 
support platform onto all or part of the tablet surface, 
or by immersing the tablets in a solution of the 

25 polymeric materials. 

The support platform may have a thickness of, e.g., 
about 2 mm if applied by compression, and about 10 ixm it 
applied via spray-coating or immersion-coating. 
Generally, in embodiments of the invention wherein a 

30 hydrophobic polymer or enteric coating is applied to the 

tablets, the tablets are coated to a weight gain from 
about 1% to about 20%, and in certain embodiments 
preferably from about 5% to about 10%. 
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Materials useful in tbe hydrophobic coatings and 
support platforiis of the present invention include 
derivatives of acrylic acid (such as esters of acrylic 
acid, ffisthacrylic acid, and copolyuiers thereof) 
5 celluloses and derivatives thereof (such as 

ethylcellulose) , polyvinylalcohols, and the like. 

In certain embodiments of the present invention, the 
tablet core includes an additional dose of the Medicament 
included in either the hydrophobic or enteric coating, or 

10 in an additional overcoating coated on the outer surface 

of the tablet core (without the hydrophobic or enteric 
coating) or as a second coating layer coated on the 
surface of the base coating comprising the hydrophobic or 
enteric coating material. This may be desired when, for 

15 example, a loading dose of a therapeutically active agent 

is needed to provide therapeutically effective blood 
levels of the active agent when the formulation is first 
exposed to gastric fluid. The loading dose of medicament 
included in the coating layer may be, e.g., from about 

20 10% to about 40% of the total amount of medicament 

included in the formulation. 

The active agent (s) which may be incorporated with 
the novel excipient described herein into solid dosage 
forias invention include systemicaliy active therapeutic 

25 agents, locally active therapeutic agents, disinfecting 

agents, chemical impregnants, cleansing agents, 
deodorants, fragrances, dyes, animal repellents, insect 
repellents, a fertilising agents, pesticides, 
herbicides, fungicides, and plant growth stimulants, and 

30 the like. 

A wide variety of therapeutically active agents can 
be used in coniunction with the present invention. The 
therapeutically active agents (e.g. pharmaceutical 
agents) which may be used in the compositions of the 
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present invention include both water soluble and water 
insoluble drugs. Examples of such therapeutically active 
agents include antihistamines (e.g., dimenhydrinate , 
diphenhydramine, chlorpheniramine and dexchlorpheniramine 
Baleate), analgesics {e.g., aspirin, codeine, morphine, 
dihydromorphone, oxycodone, etc.)f non-steroidal anti- 
inflammatory agents (e.g., naproxyn, diclofenac, 
indomethacin, ibuprofen, sulindac) , anti-emetics (e.g., 
metoclopramide) , anti-epileptics |e.g., phenytoin, 
raeprobaniate and nitrezepam) , vasodilators {e.g., 
nifedipine, papaverine, diltiaEem and nicardirine) , anti- 
tussive agents and expectorants {e.g., codeine 
phosphate), anti-asthmatics {e.g. theophylline), 
antacids, anti-spasraodics (e.g. atropine, scopolajnine) , 
15 antidiabetics (e.g., insulin), diuretics {e.g., 

ethacrynic acid, bendrofluazide) , ant i -hypotensives 
(e.g., propranolol, clonidine) , antihypertensives (e.g. 
clonidine, methyldopa) , bronchodiiators (e.g., 
albuterol) , steroids s'e.g. , hydrocortisone, 
triamcinolone, prednisone), antibiotics {e.g., 
tetracycline), antihemorrhoidals, hypnotics, psycho- 
tropics, antidiarrheals, mucolytics, sedatives, 
decongestants, laxatives, vitamins, stimulants {including 
appetite suppressants such as phenylpropanolamine). The 
25 above list is not meant to be exclusive, 

A wide variety of locally active agents can be used 
in conjunction with the novel excipient described herein, 
and include both water soluble and water insoluble 
agents. The locally act .'ve agent (s) which may be 
30 included in the controlled release formulation of the 

present invention is intended to exert its effect in the 
environment of use, e.g., the oral cavity, although in 
some instances the active agent may also have systemic 
activity via absorption into the blood via the 
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surrounding laucosa. 

The locally active agent (s) include antifungal 
agents (e.g., awphotericin B, clotrimazole, nystatin, 
ketoconazole, aiconazol, etc), antibiotic agents 
5 {penicillins, cephalosporins, erythromycin, tetracycline, 

aminoglycosides, etc. ) < antiviral agents (e.g, acyclovir, 
idoxuridine, etc.), breath fresheners (e.g. chlorophyll), 
antitussive agents (e.g., dextromethorphan hydro- 
chloride), anti-cariogenic compounds (e.g., metallic 

10 salts of fluoride, sodium Bonof iuorophosphate, stannous 

fluoride, amine fluorides), analgesic agents (e.g., 
roethylsalicylate, salicylic acid, etc.}, local 
anesthetics (e.g., bensocaine) , oral antiseptics (e.g., 
chlorhexidine and salts thereof, hexylresorcinol , 

15 dequalinium chloride, cetylpyridinium chloride), anti- 

flastmatory agents (e.g., dexaitiethasone, betasiethasone, 
prednisone, prednisolone, triamcinolone, hydrocortisone, 
etc.) , hor»onal agents (oestriol) , antiplaque agents 
{e.g, chlorhexidine and salts thereof, octenidine, and 

20 mixtures of thymol, menthol, methysal icylate, 

eucalyptol), acidity reducing agents (e.g., buffering 
agents such as potassium phosphate dibasic, calcium 
carbonate, sodium bicarbonate, sodium and potassium 
hydroxide, etc.), and tooth desensitisers (e.g., 

25 potassium nitrate) . This list is not meant to be exclu- 
sive. The solid formulations of the invention may also 
include other locally active agents, such as flavorants 
and sweeteners. Generally any flavoring or food additive 
such as those described in Chem i cals iis^d In — f.QQd 

30 gyocess ing . pub 1274 by the National Academy of Sciences, 

pages 63-258 may foe used. Generally, the final product 
may include from about 0.1% to about 5% tay weight 
flavorant. 
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The tablets of the present invention may also 
contain effective amounts of coloring agents, (e.g., 
titanium dioxide, P.D. & C. and D. & C. dyes? see the 
KirK-Othiaer Encyclopedia of Cheiraical Technology, Vol, 5, 
pp. 857-884, hereby incorporated by reference), 
stabilizers, binders, odor controlling agents, and 
preservatives, 

Alternatively, the novel excipient can be utilized 
in other applications wherein it is not compressed. For 
exaapie, the granulate can be admixed with an active 
ingredient and the mixture then filled into capsules. 
The granulate can further be laolded into shapes other 
than those typically associated with tablets. For 
exaKple, the granulate together with active ingredient 
can be molded to "fit" into a particular area in an 
environment of use (e.g., an iropiant} . All such uses 
would be conteiapiated by those skilled in the art and are 
deemed to foe encompassed within the scope of the appended 
ciaiias. 



The following examples illustrate various aspects of 
the present invention. They are not to be construed to 
25 liitiit the claims in any sianner whatsoever. 

The examples set forth the preparation of various 
itiicrocrystallrne cellulose/silicon dioxide compositions. 
Tablets were prepared using each of the coropositions and 
each of tablet preparations was tested for tensile 
30 strength. 
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pmrnrnTion of coprocbbsbr Mec-gio, coHFOglTlONS MP 

MCC-BiOy i^Tod^n:at- -w/y! sio^ 
A. M£XEIf:NT PARTICLES 

In this example, about 6.2 kilograms of 
jRicrocrystalline cellulose (MCC) , {Mendell Co. , Inc. 

10 Patterson, NY) in the forrc of a wet cake was combined 

with 5.2 kilograms of water In a mix tank to form a 
slurry containing about 15% solids. The pH was adjusted 
to about neutral with about 3 ml of ammoniura hydroxide. 
The slurry was allowed to mix for about 15 uiinutes before 

15 being combined with 5% w/w silicon dioxide (SiO;) , 200 

roVg {CaboSil, PTG grade, available frora Cabot corp., 
Tuscola, XL.) After allowing the iRTaterxals to becorae 
intimately combined, the slurry was spray dried using a 
Niro Production Minor {Niro, Coluittfoia, MD) , inlet 

20 teinperature-215''C, outlet temperature-125*C, atoiaxEer 

wheel speed 22,300 rpro, to provide MCC-SiO. having an 
average particle siz& of 40-60 microns. 

The MCC-SiO> particles obtained as a result of step 
25 I A. were wet granulated in a Baker-Perkins 10 liter 

high-sheer granulator for 3 minutes using water as the 
granulating fluid. The resultant product was wet 
screened through a 12 mesh screen, tray dried in a 
convection oven for about 2-3 hours until a sioisture 
30 content of less than 5% was obtained, dry screened and 

sieved to obtain an average particle size of from about 
55 to about 70 iRicrons. 
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Hcc-sio, groduqt- 20% v/ » sto. 
The processes of Example lA and B were repeated 
except that 20% w/w silicon dioxide was used to form the 
5 product , 

In this example, the processes of Example Ih and B 
10 were repeated except that 2% w/w silicon dioxide was used 

to form the product- 



Dry blend mix of MCC and Sio^ f§% ¥/vt - CffffiparatiYe 

15 As a control, EMCOCEL® grade SO M microcrystalline 

cellulose {Mendell Co., Inc) and 5% w/w silicon dioxide, 
200 mVg (CaboSii, PTG grade} were dry blended. Ko spray 

drying or other treatment of the mixture was undertaken, 
20 The method of Example IB, however, was repeated. 

Proeesged MCC without BjO, 
As a second control, the process described in 
25 Example IB was repeated except that no SiO^ was added. 
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In tills example, batches of compressed tablets were 
prepared using each of the products obtained as a result 
of Examples 1-5. The tablets were prepared tising a 
Korsch tablet press having a punch size of 3/8" and an 
aiiift weight of about 245 rag. The granulations were 
included in five separate tabletting runs using 
compression forces of 6, 12, 18, 24 and 30 kN 
respectively. Ten tablets from each run v;ere weighed, 
measured for diameter and tested for thickness and 
hardness on the Erweka TBH 3 0 tablet hardness tester to 
determine the comprersibility of the microcrystalline 
cellulose as measured by tensile strength. The results 
of the analysis are graphically illustrated in Figure 1 
as a comparison of tensile strength versus compression 
force . 

As can be seen from the graph, substantial benefits 
are obtained by coprocessing MCC with SiO,, The tablets 
prepared using the products of comparative examples 4 and 
5 demonstrated poor tensile strength. The novel 
excipient is superior and deraonst rates approximately the 
same relative iitiprovement across the entire range of 
compression forces. Furthermore, the graph also 
illustrates that tablets prepared with a mere dry 
admixture of MCC and SiO, (example 4 formulation) failed 
to demonstrate acceptable tensile strengths. Thus, the 
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coproc^ssed MCC-SlO- described herein provides significant 
retention of MCC compressibility. 

5 In these examples* cofflpressed tablet products con- 

taining 70% by weight MCC and 30% acetanainophen (APAP 
herein} were prepared. The products of exanaples 7-9 were 
controls and prepared without the coprocessed MCC-SlO; of 
the present invention. The products of examples 10-12, 

10 on the other hand, included 701 by weight of the novel 

coprocessed MCC-SiO, and 30% APAP, Details concerning the 
preparation of each granulation product is set forth 
below. A graphical comparison of the tensile strength 
versus compression force for each tataletted product is 

15 provided in Figure 2- 
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In this example, tablets were prepared using off- 
the-shelf MCC (EMCOCEL* 50 M) according to the following 
5 formula : 



xmmDtnms 


WEIGHf (SRAUS) 


MCC 


267.9 


APAP 


114.8 


Deionized water 


165,8 1 



One half of the MCC was added to a Baker-Perkins 10 
liter blender and combined with all of the APAP. The 
blender impeller was adjusted to 200 rpm and the chopper 
was set at 1000 rpm. After one minute ^ the water was 

15 added over 90 seconds using a rinse bottle. Thereafter, 

mixing was continued for an additional 90 seconds. The 
granulation v^as removed from the blender, wet screened 
through a 12 screen mesh and dried in a convection oven 
for 2-3 hours at 60" C, until a moisture content of less 

20 than 5% was obtained. The granulation was then dry 

screened through a 16 mesh screen before being blended 
for 10 minutes with the remaining portion of the HOC in 
a 2 quart V-blender. The granulation was removed from 
the blender and tabletted in accordance v;ith the isethod 

2 5 described below. 
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TRBLET STRENGTH TESTIKG 

m order to prepare tablets for the formulations of 
examples 7, 8, 10 and 11, the following procedure was 
used: 

5 the wet granulation products were weighed and irdxed 

in a 2 quart V-blender for S minutes with 0.2% Pruv™ 
{sodiuTO stearyl fiiiaarate, available from Mendell Co., 
Inc. ) . 

Five separate tatoietting runs were undertaken with 
10 compression forces of 5, 10, 15, 20 and 25 kN 

respectively using a Korsch tablet press having a punch 
size of 3/S" and an aim weight of about 245 mg. Ten 
tablets from each compression force were selected and 
used in the experiment set forth in Example 13. 

15 

EXAMPLE 8 

l^t: fTr;^ mn?ttiPn hm with MCC 
In this example, only wet granulation or the intra- 
granulation step as described above was undertalcen. The 
20 formulation was prepared according to the following 



formula using off-the-shelf EMCOCEL® 50 M MCC: 



INGREDIEKTS 


WIISKT {GRAMS) 


MCC 


178 . 6 


A PAP 


76. S 


Deionized water 


170.1 



37 



W096/2M25 



The MCC was added to a Baker-Perkins 10 liter 
blender and combined with the APAP. The blender impeller 
was adjusted to 200 rpra and the chopper was set at IDOO 
rpm. After one minute, the water was added over 90 
5 seconds using a rinse bottle. Thereafter, mixing was 

continued for an additional 90 seconds. The granulation 
was removed from the blender, wet screened through a 12 
screen mesh and then dried in a convection o^'e^n at 60° C. 
for 2-3 hours, until a moisture content of less than 5% 
10 was achieved. The granulation was then dry screened 

through a 16 mesh screen and tabletted in accordance with 
the method described in exaiEtple 7. 



15 Direct cpmpressi o n formt^I^ t ioh o f ftFRF wi th MCC 

A direct compression formulation for tablets was 
prepared to contain 70% off-the-shelf EMCOCEL* 50 M MCC 
and 301 APAP by weight. The tablets were prepared 
according to the following formula: 



INGREDIENTS 


i WEIGHT (GRAMS) 


MCC 


175.0 


APAP 


74.5 


PPUV 


i 0.5 1 



25 The MCC and APAP were combined in a V-folender and 

mixed for 15 minutes. Thereafter ^ the Pruv was added and 



38 



wo 96/21429 



mixing was continued for another 5 simtes. The granula- 
tion was removed and five separate tabletting runs were 
undertaken using compression forces of 5, 10, IS, 20 and 
25 kN respectively on a Korsch tablet press. The tablet 
press had a punch size of 3/8" and an aiia weight of about 
24S mg. Ten tablets from each compression force were 
used in the experiment set forth in Example 13. 



15 



20 



25 



Wet granulation of R P?^P with rtnprocassad MCC-8iO, 

In this example, tablets were prepared by wet granu- 
lation with the coprocessed HCC (5% w/w SiO,) of Example 
lA. The tablet granulation was prepared according to the 
following formula; 



INGREDIENTS 


WEIGHT (GRAMS) 


MCC-SlO 


178 , 6 


APAP 


76,5 


Deionized water 


170.1 



The MCC-SiO, was added to a Baker-Perkins 10 liter 
blender and combined with the APAP. The blender impeller 
was adjusted to 200 rpm and the chopper was set at 1000 
rpm. After one minute, the water was added over 90 
seconds using a rinse bottle. Thereafter, mixing was 
continued for an additional 90 seconds. The granulation 
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was removed from the blender ^ wet screened through a 12 
screen i«esh and then dried in a convection oven for 2-3 
hours at 60"C. until a moisture content of less than 5% 
was achieved. The granulation was then dry screened 
through a 16 mesh screen and tablatted according to the 
itiethod set forth in Example 7. 

Intra- and Extr agraoulation of &PAF with MCC-Bio, 

A granulation for compressed tablets was prepared 
according to the following formula; 



INGREDlEHfS 


WEIGHT (GRAMS) | 


MCC-SiO> 


267.9 1 


ft PAP 


114.8 1 


Deionized water 


165.8 1 



One half of the coprocessed MCC-SiOv {prepared as in 
Example lA) was added to a Baker- Perk ins 10 liter blender 
and comfoit.od with all of the APAP. The blender impeller 
was adjusted to 200 rpm and the chopper was set at 1000 
rpRi. After one minfite, the water was added over 90 
seconds using a rinse bottle. Thereafter, mixing was 
continued for an additional 90 seconds. The granulation 
was removed froTti the blender, wet screened through a 12 
screen mesh and then dried in a convection oven for 2-3 
hours at 60 "c. until a moisture content of less than S% 
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was achieved. Tha granulation was then dry screened 
through a 16 mesh screen before being blended for 10 
minutes with the remaining portion of the coprocessed 
MCC-SiO, in a 2 quart V-blender, removed from the blender, 
and tabletted according to the method of Example 7. 



15 



20 



Direct e nm pression ^>->n"m oii of APEP w ith HCC-gj O^ 

A direct cojupression fonaulation similar to that set 
forth in exaaiple 9 was undertaken except that the tablets 
were prepared to contain the coprocessed MCC-SiO, of 
Example Ih. The tablet granulation was prepared 
according to the following formula: 





WEIGHT (GRAMS) 


MCC-SiO 


175.0 


AFAP 


74 . S 


mm 


0.5 



2 5 



AS was the case in example 9, five separate 
tabletting runs were undertaken' using compression forces 
of 5, 10, 15, 20 and 25 kN respectively on a Korsch 
tablet press, {punch size; 3/8" and aim weight - about 
245 mg) . Ten tablets from each compression force were 
used to carry out the experiment set forth in Example 13. 
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Tl^BLET STRENGTH TESTING 

Ten tablets from each compression force run for each 
forrauiation prepared in Examples 7-12 were weighed, meas- 
5 ured for diameter and tested for thickness and hardness 

on the Erweka TBH 30 tablet hardness tester to determine 
the compressibility of the raicrocrystalline cellulose. 
The results are graphically illustrated in Figure 2 as a 
comparison of tensile strength versus compression force. 

10 Referring now to Figure 2, it can be seen that com- 

pressed tablets wade with the inventive coprocessed MCC~ 
SiO; have relatively high tensile strengths when compared 
to those made with off-the-shelf MCC. The advantages of 
the coprocessed MCC-SiO^: are clearly seen in both direct 

15 coKipression and wet granulation formulations and 

especially in wet granulation products. 




20 In these examples, the coprocessing method described 

in Example lA was repeated except that diatomaceous earth 
of about 40 micron particle size (J.T. Baker, 
Phillipsburg, 111 was used as the source of SiO:.) . 
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Example 


Diatoiaaeeous Bartli (Mt k) 


14 


2.0 


15 


1.0 


16 





The resultant granulates prepared according to 
Example IB were tabietted according to the saiae method 
described in Exaispie 6 and evaluated for tensile 
strength. The products of inventive Example 3 {MCC-SiO, 
2%w/w) and Example 5 (HCC alone) were included in Figure 
3 for coiRparison purposes. 

Referring now to Figure 3, it can he seen that al- 
though the retention of compressibility afforded by co- 
processing diatoir.aceous earth is not as great as that 
provided by colloidal SiO; having surface areas of about 
200 n'/g, the coprocessed MCC-diatoroaceous earth 
nonetheless demonstrates improved compressibility in wet 
granulation formulations. 



20 f?XAMPLEg 17 -Ig 

In these examples, the coprocessing method described 
in Example lA was repeated using silica gel 200 micron 
particle size (mm Corp. , Piscataway, NJ as the source of 
25 SiOj . 
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Example 


Silica <3el (wt %) 


17 


1 


18 


2 


19 


S 



The resultant granulates prepared according to 
Exaisple IB were tabletted according to the same method 
described in Example 6 and evaluated for tensile 
strength. The products of inventive Example 3 (MCC-SiO;- 
2%w/w) and Example 5 (MCC alone) were inciuded in Figure 
4 for comparison purposes. 

Referring now to Figure 4, it can be seen that the 
retention of compressibility afforded by coprocessing 
with silica gel is well below that provided by colloidal 
SiO_. having surface areas of about 200 t«V9- 3:n fact, MCC 
coprocessed with silica gel demonstrates compressibility 
properties about the same as off-the-shelf MCC in wet 
granulation formulations . 

In these examples, the coprocessing method described 
in example 1 was repeated using HS-5 grade SiO^ surface 
area - 325 m/g (Cabot Corp., Tuscola, IL. ) . 
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Example 


Siiioa Gel {wt %) 


20 


2 


1 21 


1 


1 22 


0.5 



The resultant granulates prepared according to 
EKample IB were tabletted accoraing to the same ffiethod 
described in Example 6 and evaluated for tensile 
strength. The products of inventive Example 3 (MCC-SiO; 

10 2%w/w) ana Example 5 (off-the-shelf MCC) were included in 

Figure 5 for coffiparison purposes. 

Referring now to Figure 5, the retention of 
compressibility afforded by coprocessing with HS-5 is 
comparable to that obtained using SiO; having surface 

15 areas of about 200 m'/q. 



While there have been described what are presently 
believed to be the preferred embodiments of the 
invention, those skilled in the art will realize that 
changes and modifications nsay be made thereto without 
departing from the spirit of the invention. It is 
intended to claiia all such changes and modifications that 
fall within the true scope of the invention. 



AS 



wo M/21429 



PCT/VS9W00660 



1, An excipient composition coffiprising a 
particulate agglomerate of coprocessed microcrystalline 
cellulose and from about 0.1% to about 20% by weight 
silicon dioxide, the microcrystalline cellulose and 
silicon dioxide being in intimate association with each 
other, said silicon dioxide portion of said agglomerate 
being derived from a silicon dioxide having an average 
primary particle size from about 1 njn to about 

100 jUm, 

2, The composition of claiirt 1, wherein said 
silicon dioxide portion of said agglomerate is derived 
from a silicon dioxide having an average primary particle 
size from about 5 nm to about 40 fiu. 

3. The composition of claim 1, wherein said 
silicon dioxide portion of said agglomerate is derived 
from colloidal silicon dioxide. 

4. The composition of claim 1, wherein said 
silicon dioxide is included in amount from about 0.1% to 
about 20% by weighty based on the weight of 
microcrystalline cellulose. 



46 



wo 96/11429 



5. The composition of claim 1, wherein said 
silicon dioxide is from about 0,5% to about lOl by 
weight, based on the weight of said microcry stall ine 
cellulose . 

6* The composition of claiia 1, wherein said 
silicon dioxide is included in an aitsount of from about 
1.25% to about 5%, based on the weight of said 
microcrystalline cellulose. 

7. The coffiposition of ciaiis 1, wherein said 
excipient particles have an average particle size of from 
about 10 m to about 1,000 fim- 

8. The coraposition of claim 1, wherein said 
excipient particles have an average particle sizB of from 
about 10 P3S to about 500 mk>. 

9. The composition of claim 1, wherein said 
excipient particles have an average particle size of froro 
about 30 m to about 2 50 

10. The composition of claim I, wherein said 
excipient particles have a moisture content frora about 
0.5% to about 15%. 
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11 » The. composition of claim 1, wherein saici 
excipient particles farther comprise a member of the 
group consisting of non-silicon metal oxides, starches, 
starch derivatives, surfactants, polyalkylene oxides, 
celluloses, cellulose ethers, cellulose esters and 
mixtures thereof. 

12, The composition of claim 1, wherein said 
silicon dioxide portion of said aggloBerate is derived 
frora a silicon diox'ide having a surface area from about 
10 m'/q to about 500 m/g. 

13, The composition of claira 1, wherein said 
silicon dioxide portion of said agglomerate is derived 
fro» a silicon dioxide having a surface area froja about 
175 m-/g to about 3 50 myg. 

14. The composition of claim 1, wherein said 
excipiant has a bulk, density from about 0.2 g/ml to about 
0 . 6 g/ml . 

15. The composition of claim 3, wherein said 
excipieint has a bulk density from about 0,35 g/ml to 
about 0.55 g/ml. 
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16. An aqueous slurry useful in the preparation of 
a compressible pharmaceutical excipient, comprising a 
miJfture of mcrocrystalline cellulose and from about 0.1% 
to about 20% by weight silicon dioxide based on the 
weight of said microcrystalline cellulose, said silicon 
dioxide having an average primary particle size from 
about 1 nm to about 100 Mm, the solids content of said 
aqueous slurry being from about 0.5% to about 25% by 
weight. 

17. The slurry of claim 16, wherein said silicon 
dioxide is present in an amount from about 0.5% to about 
10%, by weight, based on the weight of said 
microcrystalline cellulose. 

18. The slurry of claim 16, wherein said silicon 
dioxide is present in an amount from about 1.25% to about 
5%, by weight, based on the weight of said 
microcrystalline cellulose. 

19. The slurry of claim' 17, which has a solids 
content from about 15% to about 20%. 

20. The slurry of claim 18, which has a solids 
content from about 17% to about 19%. 
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21. The slurry of claim 16, which has been pH- 

ad justed with a weitiber of the group consisting of 

ammonium hydroKide, sodium hydroxide and mixtures 
thereof . 



22. The slurry of claim 16, further comprising a 
member of the group consisting of non-silicon metal 
oxides, starches, starch derivatives, surfactants, poly- 
alkylene oxides, celluloses, cellulose ethers, cellulose 
esters and mixtures thereof. 



23. An excipient composition, comprising froja about 
1% to about 99% of an excipient comprising a particulate 
agglomerate of coprocessed microcrystalline cellulose and 
from about 0.1% to about 20% silicon dioxide by weight of 
said inicrocrystalline cellulose, the sicrocrystall ine 
cellulose and silicon dioxide being in intimate 
association with each other, and the silicon dioxide 
portion of said agglomerate being derived frott a silicon 
dioxide having an average primary particle sise from 
about 1 nm to about 100 m, and from about 99% to about 
1% of an active ingredient. 



24. The composition of Claim 23^ wherein the 
silicon dioxide portion of said agglomerate is derived 
from a silicon dioxide having an average primary particle 
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size from about 5 nm to about 40 im. 



25. The composition of claim 23, wherein the 
silicon dioxide portion of said agglomerate is derived 
from colloidal silicon dioxide, 

26. The composition of claim 23 which has been wet 
granulated- 

27. The composition of claim 25, which has been wet 
granulated. 

28. The composition of claim 23, which has been 
incorporated into a solid form, 

29. A solid dosage form of a compressed mixture of 
from about 1% to about 99% of an excipient comprising a 
particulate agglomerate of coprocessed microcrystalline 
cellulose and from about 0.1% to about 20% by weight 
silicon dioxide, the microcrystalline cellulose and 
silicon dioxide being in intimate association with each 
other, said silicon dioxide portion of said agglomerate 
being derived from a silicon dioxide having an average 
primary particle size from about 1 nm to about 100 
and from about 99% to about 1% of a therapeutically 
active ingredient. 
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30. The composition of claim 29, wherein the silicon 
dioxide portion of said agglomerate is derived from a silicon 
dioxide having an average primary particle size frora about 5 nm 
to about 50 Mm. 

31. The composition of claim 29, wherein tha silicon di- 
oxide portion of said agglomerate is derived froir, colloidal 
silicon dioxide. 

32. The composition of claiiu 31, vhich has been wet 
granulated prior to coitipression . 

33. The composition of claim 29, which is incorporated into 
an oral dosage form. 

34. A method of enhancing the compressibility of micro- 
crystalline cellulose in wet granulation products, comprising: 

(a) forming an aqueous slurry containing a aixture of 
microcrystaliine cellulose and silicon dioxide having an average 
primary particle size from about 1 nm to about 100 jum, the amount 
of silicon dioxide being from about 0.1% to about 20% relative 
to the amount of microcrystallijie cellulose, by weight; and 

(b) drying said slurry to obtain an excipient 
comprising a plurality of aggloitierated particles of said 
iRXcrocrystalline cellulose in intimate association i^ith said 
silicon dioxide. 
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35. ThB iKCthod of claim 34, wherein said slurry com- 
prises frois about 0.5% to about 25% by weight 
microcrystalline cellulose . 

36. The method of claim 34, wherein said slurry 
contains from about 15% to about 20% microcrystalline 
cellulose. 

37. The method of claim 34, wherein said slurry 
contains from about 17% to about 19% microcrystalline 
cellulose. 

38. The itiethoa of claim 34, wherein said silicon 
dioxide is colloidal silicon dioxide, 

39. The method of claim 34, further comprising drying 
said slurry of microcrystalline cellulose and silicon 
dioxide by a method selected from the group consisting of 
flash drying, ring drying, spray drying, and micron drying. 

40. The method of claim 34, further comprising drying 
said slurry of microcrystalline cellulose and silicon 
dioxide is dried by spray drying. 
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41. The method of claxB 34, further comprising drying 
said slurry such that the resisltant excipient particles 
have an average particle size from about 10 jum to about 
1,000 Mm. 

42. The method of claim 34, further comprising drying 
said slurry such that the resultant excipient particles 
have a particle size of from about 10 fim to about 500 ,um. 

43. The method of claim 40, further comprising drying 
said slurry such that the resultant excipient particles 
have a particle size of froiti about 30 m to about 250 ^m. 

44. The method of ciaiiti 34, further comprising drying 
said slurry such that the resultant excipient particles 
have a itioisture content of from about 0.5 to about 15%. 

45. The method of claim 34, wherein said slurry 
further comprises a member of the group consisting of non- 
silicon metal oxides, starches, starch derivatives, sur- 
factants, polyalkylene oxides, celluloses, cellulose 
ethers, cellulose esters and mixtures thereof, 

46. The microcrystaliine cellulose-based excipient 
particles prepared by the process of claim 34. 
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47. The microcrystalline celLulose-based excipient 
particles prepared by the process of claim 43. 

48. A xaethod of preparing a solid dosage form, 
comprising; 

(a) forming an aqueous slurry containing a 
mixture of microcrystalline cellulose and silicon dioxide 
having a particle size £rom about 1 ran to about 100 nm, the 
amount of silicon dioxide being from about 0.1% to about 
20% relative to the amount of microcrystaliine cellulose, 
by weight; 

(b) drying said slurry to obtain an excipient 
comprising a plurality of agglomerated particles of said 
microcrystalline cellulose in intimate association with 
said silicon dioxide? 

(c) mixing an active ingredient with said 
excipient in a ratio froa about 1:99 to about 99:1; 

(d) incorporating said mixture obtained in step 
(c) into a plurality of solid unit doses. 

49. The method of claim 48, wherein said silicon 
dioxide is colloidal silicon dioxide, further comprising 
wet granulating said mixture obtained in step (c) prior to 
incorporating said mixture into said solid unit doses. 
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50. The method of claim 48, wherein said aqueous 
slurry prepared in step (a) comprises from about 0.5% to 
about 2 5% by weight microcrystalline cellulose. 

51. The method of claim 48, wherein said drying of 
step (b) is accomplished via spray drying such that the 
resultant excipient particles have an average particle size 
from about 10 jtim to about 1,000 ytn. 

52. The method of claira 49, wherein said drying of 
step (fa) is accomplished via spray drying such that the 
resultant excipient particles have an average particle size 
from about 30 to about 250 

53. The method of claim 48, wherein the resultant ex- 
cipient particles have a bulk density from about 0,2 q/ml 
to about 0.6 g/ml . 

54. The method of claim 49, wherein the resultant 
excipient particles have a bulk density froit? about 0.35 
g/ml to about 0.55 g/ml. 
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55. The jnethod of alaim 49, further comprising wet 
granulating the mixture of step (c) , adding a ftarther 
amount of axcipient obtained in step (b) to said 
granulation, and thereafter incorporating the mixture into 
a solid dosage form. 

56. The method of claim 49, further comprising wet 
granulating the mixture of step (b) prior to mixing said 
excipient with said active ingredient in step (c) . 

57. The method of claim 56, further comprising adding 
a further amount of excipient obtained in step (b) to the 
mixture of said granulation and said active ingredient, and 
thereafter compressing the mixture into a solid dosage 
form. 

58. The method of claim 49, further comprising wet 
granulating the mixture of step (c) , adding a further 
amount of a pharmaceutically acceptable excipient to said 
granulation, and thereafter coitipressing the mixture into a 
solid dosage foirm- 

59. The method of claim 56, further comprising adding 
a further amount of a pharmaceutical ly acceptable excipient 
to the mixture of said granulation and said active 
ingredient, and thereafter compressing the mixture into a 
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solid dosage form. 

€0. An excipient composition, comprising a 
particulate eKCipient of copracessed microcrystalline 
cellulose integrated with frojn about 0.1% to about 20% 
silicon dioxide by weight of said microcrystall ine 
cellulose, said silicon dioxide portion of said excipient 
being derived from silicon dioxide having a surface area 
froiu about 10 m'/g to about 500 5»Vg- 

61. The coBiposition of claiKi 60, wherein said silicon 
dioxide portion of said excipient is derived froiti silicon 
dioxide having a surface area frojn about 17 5 m'/g to about 
3 50 vi'/q, 

62. The composition of claijn 60, wherein said silicon 
dioxide portion of said excipient is derived from colloidal 
silicon dioxide, 

63. k pharmaceutical excipient suitable for 
compression into a solid dosage forin v;hen combined with an 
active ingredient, comprising a coprocessed 
roicrocrystalline cellulose integrated with from about 0.1% 
to about 20% colloidal silicon dioxide by weight of said 
microcrystall ine cellulose . 
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64. An augmented Bicrocrystailine celltilose eKcipient 
suitable for compression into a solid dosage form with a 
therapeutically active agent via a wet granulation method, 
comprising particles of microory stall ine cellulose having 
from about 0.1% to about 20% colloidal silicon dioxide by 
weight of said microcrystalline cellulose integrated onto 
a portion of the surfaces of said Microcrystalline 
cellulose particles. 
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